Abstract-The maximal rates and the minimal delays are basic problems of space-time block codes from complex orthogonal designs. Liang systematically solved the problem on the maximal rates of complex othogonal designs, and posed an open problem on the minimal delays. Recently, the authors gave the negative answer for the open problem. In this letter, we give lower bounds on the minimal delays.
I. INTRODUCTION
S PACE-TIME block codes (STBCs) from complex orthogonal designs have been hot topics in recent years, and are extensively applied in wireless communication systems with multiple transmit and receive antennas. The pioneer work in this field was done by Alamouti and Tarokh. Alamouti [1] first proposed a very simple and efficient transmission scheme using two transmit antennas and receive antennas, and his idea is the embryo of space-time codes (STCs) from orthogonal designs. Later, Tarokh [8] generalized Alamouti's idea to the general case, i.e., STCs from orthogonal designs. The STCs from orthogonal designs have full diversity and a linear maximum-likelihood (ML) decoding algorithm, which are important properties for wireless communication systems. The maximal rates and the minimal delays of orthogonal designs are two basic problems in this field. Tarokh proved that the maximal rates of orthogonal designs are not larger than one, gave a procedure for constructing real orthogonal designs with the maximal rate one and minimal delays, and also constructed a complex orthogonal design with rate 1/2 from any real orthogonal design with rate 1. Therefore, the problems on real orthogonal designs were completely solved. However, Tarokh pointed out in [8] that constructing complex orthogonal designs with a rate larger than 1/2 was very difficult, and that his discoveries only presented the tip of the iceberg. Recently, Liang [4] In order to improve the bandwidth efficiency of the designed STBCs for any given number of transmit antennas, we need to construct complex orthogonal designs with rate as high as possible. Meanwhile, we should take into account the memory length or decoding delay , which is expected to be as small as possible. So the following two problems are the basic problems in the study of complex orthogonal designs: 1) given , find a complex orthogonal design which maximizes the rate ; 2) given , find a complex orthogonal design with the maximal rate which minimizes the delay . The first problem, i.e., the problem of maximal rates, was completely solved by Liang in [4] . Liang proved that for any given , the maximal value of the rate of complex orthogonal designs is , where or . Also, he presented a procedure for constructing complex orthogonal designs with the maximal rates. In fact, for any given , , and such that , a complex orthogonal design can be constructed by Liang's procedure, where and
Furthermore, when , achieves the maximal value, i.e., . So, when , then and
And when , then
However, the second basic problem, i.e., the problem of the minimal delays of complex orthogonal designs with maximal rates,
III. LOWER BOUNDS ON THE MINIMAL DELAYS OF COMPLEX ORTHOGONAL DESIGNS WITH MAXIMAL RATES
In this section, we deduce the lower bounds on the minimal delays of complex orthogonal designs with maximal rates and the lower bounds on the number of complex variables. Furthermore, we point out that the lower bounds on the minimal delays are possibly reached for some even transmit antennas. which is also a contradiction. Hence, . In fact, the above procedure verifying that do not appear in the second column of is essentially the same as the procedure of (8) However, for given , where , is exactly the maximal rate of complex orthogonal designs. So, for an even integer , where and , it is possible that the minimal delay of complex orthogonal designs is , which is much less than the value given in (4).
IV. CONCLUSION
Given a positive integer , what the minimal delays are for complex orthogonal designs with maximal rates is an open problem. In this letter, for a positive integer , we give lower bounds of the minimal delay and the number of complex variables for complex orthogonal designs with maximal rates. The lower bounds in Theorems 1 and 2 are weak, and it is not difficult to improve the lower bounds in Theorems 1 and 2 by a more careful analysis along with the same method in the letter. However, to completely solve the problem of the minimal delays for the complex orthogonal designs with maximal rates, the solution must appeal to other methods.
